The application of cell fractionation techniques to virus-infected mammalian cells permits a more detailed biochemical analysis of the maturation process of the virus than the other more commonly used techniques like the fluorescentantibody technique and electron microscopy. To use cell fractionation techniques, it is essential to know whether in fact they give results similar to the other techniques or whether the fractionation disrupts the virus components or the cell-virus association.
The application of cell fractionation techniques to virus-infected mammalian cells permits a more detailed biochemical analysis of the maturation process of the virus than the other more commonly used techniques like the fluorescentantibody technique and electron microscopy. To use cell fractionation techniques, it is essential to know whether in fact they give results similar to the other techniques or whether the fractionation disrupts the virus components or the cell-virus association.
The method devised by Fisher and Harris (7) for the isolation of nuclei from normal animal cell cultures makes possible a direct and quantitative approach to the investigation of the virus-infected cell. This method, which is applicable to a wide range of animal cell cultures (8) , permits the recovery of all the nuclei from a population of cells, and these nuclei are free from adherent cytoplasm (4) . In the present study, these procedures were applied to Newcastle disease virus (NDV), a ribonucleic acid (RNA) virus which has been shown to mature in the cytoplasm, by the fluorescent-antibody technique (19, 20, 25, 26, 27) and in electron microscope studies of virus inclusions (1, 3, 14) . The fractionation techniques were also applied to polyoma virus (PYV), a deoxyribo-nucleic acid (DNA) virus which has been shown to mature in the nucleus (12, 16, 18, 21, 29, 31) .
With these nucleus isolation techniques, it has been shown, in confirmation of earlier work, that NDV, like other RNA viruses (2, 13) , matures in the cytoplasm and PYV in the nuclei.
MATERIALS AND METHODS Virus. NDV, strain KM, was kindly supplied by P. W. Chang of the University of Rhode Island, and was grown on 11-day-old embryonated eggs. The hemagglutination titer (HAT) of the stock was 1: 2,560 hemagglutination units (HAU) per ml and the plaqueforming unit titer (PFU) was 2 X 108 PFU per ml.
PYV used for these experiments was kindly supplied by R. Sheinin of the Ontario Cancer Institute, and was derived from a stock of strain T grown on mouse embryo secondary cultures (23) . The HAT and PFU of this strain were 1:2,560 HAU per ml and 1.2 X 107 PFU per ml, respectively. Cell culture and media. For NDV experiments, the established cell line of Chinese hamster lung cell, strain CHL-1 (Puck; 10), was cultivated according to the methods described by Ham and Puck (11) . The medium used was FIO supplemented with 5% fetal calf serum and 0.01% Panmede (Paynes and Byrne, England) and called FlOPFC(5) (10) .
For the growth of PYV, primary mouse embryo cell cultures were prepared according to the method of Dulbecco and Vogt as modified by Youngner (32) , with the use of 0.25% trypsin (trypsin 1: 300) and medium CMRL-1066 (23) with 5% fetal calf serum (1066-FC5). Briefly, mouse embryos from 15th to 1645 FISHER, MATSUMIYA, AND AZUMA 18th-day pregnant Swiss-Webster mice were washed with Saline F (11), eviscerated and decapitated, finely minced with scissors, and treated with trypsin solution for 7-min intervals at 37 C. The pooled cell suspensions from 10 trypsinizations were filtered sterilely through gauze, and the cells were washed with saline by use of low-speed centrifugation. The washed cells resuspended in 1066FC (5) (7) with some modifications. For NDV-infected CHL-1 cells 5 ml of the pooled whole cultures was centrifuged at 220 X g for 10 min, and the supernatant fluid was harvested (henceforth called the culture fluid fraction). The cell pellet portion was washed once with Saline F, taken up in 2.5 ml of fresh 0.1% Tween 80 (polyoxyethylene sorbitan; Sigma Chemical Co., St. Louis, Mo.) solution (v/v, in distilled water), stirred for 15 min at room temperature with a Vortex Junior mixer, and then diluted with 2.5 ml of Saline F with two times concentrated salts. This suspension was mixed thoroughly and centrifuged at 220 X g for 5 min. The supernatant fraction containing the cytoplasmic contents was harvested and transferred into a new test tube (the cytoplasm fraction). The pellet was washed once and resuspended in 5 ml of Saline F (the nuclear fraction).
For PYV-infected mouse embryo cells, fractionation was carried out as above except the cell suspension was incubated for 2 min at room temperature in 2.5 ml of 0.1% Tween 80 solution and then stirred for 2 min at room temperature with a Vortex Junior mixer.
Before titration of virus, each fraction was subjected to freezing and thawing three times, or to sonic vibration for release of the virus components.
Enzyme assay. The activity of glucose-6-phosphate dehydrogenase was used to check the contamination of the nuclear fraction by cytoplasm, and was carried out according to the method of Kornberg (15) . The enzyme activity was determined spectrophotometrically by reduction of nicotinamide adenine dinucleotide phosphate (NADP) in a reaction mixture of 0.5 ml of 0.05 M tris(hydroxymethyl)aminomethane (Tris) buffer (pH 7.4), 0.1 ml of 0.3 M MgCl2, 0.1 ml of 0.0015 M NADP, 0.1 ml of 0.025 M glucose-6-phosphate, 0.1 ml of enzyme, and distilled water to 3.0 ml. The increase in absorbancy at 340 m,u at 25 C was recorded at 1-min intervals for 10 min. One unit of enzyme was that amount which caused the reduction of 1 ,umole of NADP (2.07 optical density units) per minute.
Virus titration. A plaque assay for NDV has been described in several papers (9, 17, 28) . Some modifications were used in the present work. Chick embryo cell cultures, 3 to 4 days old, on 60-mm plastic petri dishes were used for this titration. The nutrient agar used as an overlay during the development of plaques contained 0.9% Noble agar (Difco) and FIOPFC(5).
After 2 days of incubation at 37 C in 5% CO2 in air, the plates were overlaid with more nutrient agar containing neutral red to give a final concentration of neutral red of 1:40,000. The plates were incubated for 3 days after inoculation, and then plaques were counted.
In the hemagglutination assay of NDV, the pattern method (22) was employed. Twofold dilutions of the virus were made with phosphate-buffered saline (PBS). Hemagglutination was observed with NDV by use of a 17% chicken red blood cell suspension, and the results were read after incubation for 1 hr at 4 C. The end-point readings were confined to complete agglutination.
A plaque assay for PYV has been described in several papers (5, 23, 30) . In this study, the plaque assay for PYV was carried out with 3-day-old cultures of secondary mouse embryo cells on 60-mm plastic petri dishes, by use of nutrient agar containing 0.9% Noble agar (Difco) and FIOPFC(5). After 7 days of incubation at 37 C in 5% CO2 in air, the plates were overlaid with nutrient agar with neutral red as described above, and the incubation was continued for 10 to 12 days after inoculation.
The hemagglutination assay of PYV was carried out with a 0.5% guinea pig red blood cell suspension (6) . The results with PYV were read after incubation for at least 18 hr at 4 C (24). Again, the end-point readings were confined to complete agglutination.
RESULTS
Fractionation of the cells. The isolation of nuclei from CHL-1 and mouse embryo cells by controlled stirring in the presence of low concentrations of nonionic detergent was comparable to the quantitative results previously described (7, 8) . Figure 1 shows that all of the nuclei were re- covered free from microscopically visible adherent cytoplasm. In Table 1 the results of the separ.tion of pure nuclei from mouse embryo secondary cell cultures are given. The results show that the efficiency was improved with an incubation time prior to stirring and that the recovery was decreased with long stirring times. In Table 2 the results illustrating an enzymatic index of purity of nuclear and cytoplasmic fractions are presented. The results show none of the cytoplasmic enzyme in the nuclear fraction.
Studies with NDV-infected cells. Fractionation data relating to Chinese hamster lung cells infected with NDV are shown in Fig. 2 and 3 . Figure 2 shows the HAU titration of the culture fluid, cytoplasm, and nucleus fractions of NDVinfected CHL-1 cells over a 60-hr incubation period. It was observed that no hemagglutinating activity above the lower limit of detectability at 6 to 8 HAU per ml was found in the nucleus fractions throughout the entire 60-hr incubation period. At first no hemagglutinating activity was detected in the cytoplasmic fraction; however, at 12 to 15 hr after infection, an increase in the titer was then noticed in the cytoplasmic fraction. This reached maximal activity between 20 and 30 hr after infection and subsequently decreased as the titer in the culture fluid fraction became maximal.
The results obtained from infectivity titration on the fractions of NDV-infected CHL-1 cells are shown in Figure 3 . Significant titers of the infectious virus particles were not present in the nucleus fraction throughout the incubation period, whereas the titer in the cytoplasmic fraction preceded the rise in titer in the culture fluid fraction and was quantitatively consistent with maturation in the cytoplasm and release into the culture fluid fraction.
In Table 3 , the experiments carried out to test for the presence of incomplete NDV are presented. The ratio of PFU to HAU, which may be used as a measure of complete xirus compared with incomplete virus, remained constant in the culture fluid fraction throughout the growth period and equal to that of the original egg-grown inoculum, suggesting that only completed virus particles were released from the cells. However, in the cytoplasm the ratio dropped to a low value Fig. 4 for the development of hemagglutinin as a function of incubation time show that this specific protein first increased in the nuclei, reaching a maximum between 40 and 60 hr, and subsequently dropped to less than the titer found in the culture fluid fraction. The titer in the cytoplasmic fraction, however, was less than that found in the culture fluid fraction at all times during the incubation period.
The results obtained from infectivity titration on the fractions of polyoma-infected mouse embryo cells are shown in Fig. 5 . The infectious virus particle titer was found to rise first in the nucleus fraction and, after a lag of approximately 20 hr, was found to rise in the culture fluid fraction, until at 40 hr of incubation a decrease in the nucleus fraction was found. The titer in the cytoplasmic fraction remained at 5 to 10% of the nucleus fraction at each time. The results for PYV in Table 3 show that if the Cytoplasm test for incomplete virus by use of the ratio of PFU to HAU was applied to polyoma-infected Nuclei cells a low value was obtained in the nucleus fraction after 12 hr of incubation, whereas the ratio in the cytoplasm and in the culture fluid remained high. This suggests that incomplete virus may be present in the nucleus fraction.
DIscussIoN
The results of the present study of the intracellular site of NDV multiplication by direct cell fractionation confirm that maturation of this virus is in the cytoplasm. The hemagglutinin and infectivity determined on cell fractions during the growth cycle in this study confirm the results obtained by fluorescent-antibody test of NDVspecific antigen and by electron microscopy of virus inclusions. Therefore, this cell fractionation D0 120 technique can be used for further biochemical studies of the site of synthesis of viral com-YA intheponents.
YAU in the P The results in Table 3 suggest that NDVaterials and infected CHL-1 cells release infectious virions except that into the culture fluid. Wilcox (28) Fig. tinin or infectivity demonstrated in the nuclei, whereas the titer in the cytoplasm preceded, and was quantitatively consistent with, maturation in the cytoplasm and release into the culture fluid fraction.
The results of the present study of the intracellular site of PYV multiplication by direct cell fractionation also are consistent with the earlier reports that maturation of this virus is in the nucleus. Hence, this cell fractionation technique also can be applied to further biochemical studies of the site of synthesis of viral components of this DNA virus.
The method of direct cell fractionation permits the proposed examination of the virus and cellular nucleic acids and enzymes on fractions which have been quantitatively analyzed by microbiological methods. Studies in the nucleic acids and enzymes of polyoma-infected cells are now in progress.
